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NASA-ISRO Synthetic Aperture Radar (NISAR)

Synthetic Aperture Radar on an Earth Observation Satellite

A Joint effort between NASA and ISRO (Indian
Space Research Organization)

A Dual-frequency L- and S-Band Synthetic Aperture
Radar (SAR) Earth observation mission

A High spatial and temporal resolution, and coverage
I Dense spatial and temporal sampling
I Comprehensive global measurements
I Targeted regional measurements

I Study ecosystem disturbances: ice sheet collapses
and natural hazards including earthquakes, tsunamis,
volcanoes and landslides
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NISAR Modal Survey

Test Article Configuration

DTM Assembly

Flight RAS Boom Support (RBS)

Flight RAS Diving Board (RDB)
+ EM or mass mock-up FRAPs

A Flight Hardware Hardware
T RAR (Radar Antenna Reflector)
T RAB (Radar Antenna Boom)
T RAS (Radar Antenna Structure) 2 electronic
0 RBS (RAS Boom Support) o
O RDB (RAS Diving Board)
1 STB (Star Sensor Brackets) Test Article <l
A Non-Flight Hardware Stack Up

T DTM RIS (Radar Instrument Structure)
T EM LFRAP (L-band Feed Radar Aperture)
]

Mass mock-ups for electronic boxes,
SFRAP, Star Trackers, Sun Sensors, GPS
Antenna

| Test article cantilevered on seismic mass

T Stack up: DTM RIS A Saver Plate A Vibe
Cone Adapter A Interface plate A Seismic
Mass

Flight RAB
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NISAR Modal Survey

A Accelerometer instrumentation set consists of 135
channels 1 limited by flight hardware inaccessibility
A Model correlation process

I Mass correlation: update Test Analysis Model (TAM) to
match measured weight.

I Preliminary Correlation of TAM vs. Test Modes
Avisual comparison in frequencies and shapes
Acorrected any model errors, mistakes and deficiencies
I Parameter space

Aldentify candidate parameters to be updated based on
insight into the TAM and hardware

Ause sensitivity to identify problematic modeling areas
I Model idealization re-visit

Awnen optimized parameters exceeds physical
realizable bound: re-examine model idealization

I Expand candidate parameters continuously during the
model correlation process
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Preliminary Correlation of TAM
Visual TAM & Test Comparison FEM | Test | FEM | Test | Freq | Cross

Mode | Mode | Freq | Freq | Pct | Ortho
No. No. | (Hz) | (Hz) | Diff
24.9] 25.6 2.9 97
25.7| 27. 6.3 97
315 314 -0.6 96
41.1 42.8 4.0 83
43.00 48.4 11.8 83
47.4 52.21 10.3 90

A Major TAM vs. Test modes discrepancy
I Across board frequency-deficiency

ATest mode 1 & 2: major bending modes

N[OOI [WIN
N[O D]IWIN[F-

ATest mode 5: Rx torsion/twisting mode

I Rx torsion/twisting mode mismatch, load
path from RIS to external appendage Test mode 4 vs TAM mode 5

Astar trackers, diving board

ATAM mode 5 (star tracker Rx twisting
mode); paired test mode 4 in does
exhibit Rx motion
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Sensitivity Analysis
Extract sensitivity in NASTRAN

A Sensitivity of modal frequency
I Related with Element Strain Energy
AESE= - (%3 [0 (%3
AReal eigenvalue sensitivity _  ¢“"Q
i — [
A Sensitivity analysis w.r.t local element
parameters

i —  {%q [—] {%6e

I Metrics to identify dominant local elements
A Nastran EKE(THRESH=0.0,PLOT)=ALL

I writes elemental kinetic energy to OP2 file
A NASTRAN PARAM, POST, -5

I Outputs the op2 files with Data Block

AKDICT, MDICT: element stiffness & mass dictionary
AKELM, MELM: element stifiness & mass matrices & [

~Sensitive of 15t mode freq.
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ldentify Problematic Modeling Areas
Sensitivity of Two Major Bending Modes

A stiffness parameters
I PLA Wall Thickness & Interface Spring
I ldentify dominant parameters

) |

FEA Modal Frequencies
Fq 2 (Hz)Fq 3 (Hz)Fq 4 (HZ)Fg 5 (HZ)Fq 6 (Hz)Fq 7 (Hz)Fq 8 (H7
249 258 31.6 415 455 495 510
Parm #|Level |Type |Elem Set Value 1 2 3 4 5 6 7
1/GLOBALKX PBUSH 600006 [3.30E+08 1E-04 2E-04 5E-05 1E-04 6E-04 3E-04 1E-04
2|GLOBALKy PBUSH 600006 [3.30E+08 1E-03 2E-03 5E-04 8E-04 2E-03 5E-04 4E-04
3|GLOBALKz PBUSH 600006 [1.00E+1p 3E-04 4E-04 7E-05 9E-06 7E-05 9E-05 2E-0%
4|GLOBALKIrx PBUSH 600006 |0.00E+0p OE+0(Q OE+0(Q OE+0(Q OE+0(Q OE+0(Q OE+00Q0 OE+0(
5|GLOBALKrz PBUSH 600006 |0.00E+0( OE+00Q0 OE+00 OE+0(Q OE+0(Q OE+00 OE+0( OE+0
6|GLOBALT Prop 660000 1.00E-026.9E-029.1E-021.8E-022.6E-039.0E-036.4E-034.3E-0
7|GLOBALT Prop 660001 6.00E-031.3E-021.7E-023.5E-031.1E-033.8E-031.6E-031.0E-0
8/GLOBALT Prop 660002 5.01E-035.3E-036.9E-031.5E-031.0E-032.7E-031.0E-035.5E-04
9|GLOBALT Prop 660003 4.11E-034.9E-036.4E-031.5E-031.2E-033.1E-031.2E-035.7E-04
10|GLOBALT Prop 660004 3.43E-035.5E-037.2E-031.6E-031.2E-033.0E-031.2E-035.9E-04
11|GLOBALT Prop 660005 3.16E-039.6E-031.2E-022.8E-032.4E-035.2E-032.1E-031.1E-0]
12|GLOBALT Prop 660006 3.45E-035.4E-037.2E-031.6E-031.3E-033.1E-031.2E-037.0E-04
13|GLOBALT Prop 660007 4.27E-087.4E-031.1E-022.0E-031.1E-033.1E-031.6E-031.0E-0]
14/GLOBALT Prop 660008 1.14E-022.5E-033.6E-037.0E-045.4E-042.1E-031.2E-035.9E-04
15/GLOBAIT

Prop 660009 1.80E-025.4E-038.5E-031.6E-031.4E-037.7E-033.4E-031.7E-0
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Tune Bending Mode Frequencies
Interface Plate Thickness as Parameters g—eq

Type |Elem Set Init Tune Change 9
1|GLOBAL T Prop 660000 1.00E-022.29E-02 1299
2|GLOBAL T Prop 660001 6.00E-081.29E-02 1159
A . . . 3|GLOBAL T Prop 660002 5.01E-087.42E-03 489
Use optimizer to tune modal frequencies 4IGLOBAL [T |Prop 660003|  411E-086.03E-05 479
. . 5|GLOBAL T Prop 660004 3.43E-085.18E-03 519
i Parameters: PLA Wall Thickness (T) 6|GLOBAL [T |Prop 660005|  3.16E-035.98E-03 899
. o . . . . 7|GLOBAL [T Prop 660006 3.45E-085.38E-08 569
I Optimizer objective: first 4 modal frequencies 8[GLOBAL [T |Prop 660007|  4.27E-037.56E-03 779
. 9|GLOBAL T Prop 660008 1.14E-021.47E-02 299
I No lower/upper bound on parameters 15/GLOBAL [T |Prop 660009|  1.80E-03.92E-0p _ 1189
A ReSfUItS _ o Iteration History
I First 2 modal frequencies fall within 5% target =
I Optimizer composite objective decrease Y
I Tuned parameters monotonical increase 2
. o
I Tuned petameter fall out of physical E
realizable bounds: O «o
0 1 2 .3 5
Anon—physmal parameters lteration #
A Indicate model deficiency _ _
i R : del idealizati Baseline After tuning
I e-examine model 1aealization FEM | Test | FEM | Test | Freq | Cross FEM | Test | FEM | Test | Freq | Cross
Mode | Mode | Freq | Freq | Pct | Ortho Mode | Mode | Freq | Freq | Pct | Ortho
No. No. (Hz) | (Hz) Diff No. No. (Hz) | (Hz) Diff
2 1 24.91 25.6) 2.9 97 2 1 25.6) 25.6 -0.1 97
3 2| 257 27.4 6.3 97 3 2| 26.8 27.4 2.1 96
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Model Update per Optimization Results

Update Model to Stiffen Base at Interface

A Use the tuned parameters as clues to
investigate modeling issues

I Stiffen areas that do not properly reflect
intended design

ADeformed shape at baseline model
indicate stiffness deficiency

A Modify RBEZ2s at the PLA base interface at
each mousehole cut-out,
I stiffening to reflect clamping effect of M8 bolts
i First 2 modal frequencies fall within 5% target |

36x M8 bolts

Baseline model
deformed shape

Updated model
deformed shape

Before tuning After model update
FEM | Test | FEM | Test | Freq | Cross FEM | Test | FEM | Test | Freq | Cross
Mode | Mode | Freq | Freq | Pct | Ortho Mode | Mode | Freq | Freq | Pct | Ortho
No. | No. | (Hz) | (Hz) | Diff No. | No. | (Hz) | (Hz) | Diff
2 1] 24.9 25.6 2.9 97, 2 1| 26.3 25.6 -2.7 96
3 2| 257 27.4 6.3 97 3 2| 2720 274 07 98
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Sensitivity Study with Local Stiffness
Load Path Deficiency for Twisting Mode

A Objective: Investigate stiffness deficiency on the
boom support/diving board load path
Par ameters: | oc al el eme

A Response: modal displacement characteristics
of twisting
I Lateral displacement at star tracker of target mode
I Apply threshold filter and highlight high sensitivity

elements for modeling review SOARTE

Sensitivity of all

. Sensitivity after filtering
element local stiffness
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Model Update: Stiffen RAS Boom Support
Local Sensitivity Study

A Review model idealization with sensitivity study results

A On the load path of boom support, stiffen areas not
properly reflecting design

A. Use RBESs to spread bolt loads
over clamped surfaces

B. Modify RIS slightly to reflect
raised bosses near RAS interface

C. Stiffen CBUSH representing
RAS field joint interface

A Modal frequency and cross orthogonality improve

Baseline Updated Model
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